Thermochemical Equations

The complete combustion of pure, liquid acetic acid to form liquid water and carbon dioxide gas at
constant pressure releases 871.7 kJ per mole of acid.

i) Write a balanced thermochemical equation for this reaction.
i) Draw an enthalpy diagram for the reaction.
f ii) [£0.500 g of acetic acid is burned, what amount of energy is released?
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Consider the following reaction, which occurs at room temperature and pressure:
2Cley =2 Clag AH =-243.4 kJ
Which has a higher enthalpy under these conditions, 2Cl or Cl,? Explain.
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Consider the following reaction:

CH:OHg) > COw + 2Hxe) AH = +90.7 kJ

~ i) Is heat absorbed or evolved in the course of this reaction? (4 bsor \ned
‘ i) Calculate the amount of heat transferred when 60.0 g of methanol is decomposed in the above
reaction at constant pressure.
iii) For a given sample of methanol, the enthalpy change on reaction is 18.5 kJ. How many grams of
hydrogen gas are produced?
iv) What is the value of AH for the reverse of this reaction? How many kilojoules of heat are
released when 27.0 g of CO(g) reacts completely with Hy(g) to from CH;OH(g) at constant
pressure?
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1€ vatue o ° for the reaction below is -1107 kJ:
2Ba(s) + O, (g) — 2BaO (s)
How many kJ of heat are released when 5.75 g of Ba reacts with 0.230 g of O, to form BaO (s)?
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Calorimetry

The molar heat capacity of a compound with the formula C,H,SO is 88.0 J/mol-K. What is the
specific heat of this substance ?

gg.-() ‘3— lVY\Q\ ("lHL»SC ._
'm ol K T84y (L HSo
Sp aek -
~)|c

A sample of aluminum metal absorbs 9.86 J of heat, upon which the temperature of the sample
increases from 23.2°C to 30.5°C. Since the specific heat capacity of aluminum is 0.90 J/g-K,
what is the mass of the sample?
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The specific heat of liquid bromine is 0.226 J/g-K. How much heat (J) is required to raise the
temperature of 10.0 mL of bromine from 25.00°C to 27.30°C? The density of liquid bromine:
3.12 g/mL.
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The AH for the solution process when solid sodium hydroxide dissolves in water is 44.4 klJ/mol.
When a 13.9-g sample of NaOH dissolves in 250.0 g of water in a coffee-cup calorimeter, the
temperature increases from 23.0°Cto 27 §  °C. Assume that the solution has the same
specific heat as liquid water.

|30y NaOH 3 bl MO yqq g 8T syp03 - o
\1[}&‘;0)(\4 w Ol lelNobH 1D

- B !— 1 i i 0 il 1
AR ﬁ] e = WO\JJ ) -
kS F- — T
Ol @9-0'))(“ ”;&) Te: T v AT

226 ,Hy ???-C

When 3.88 g sample of solid ammonium nitrate dissolves in 60.0 g of water in a coffee-cup
calorimeter. the temperature drops from 23.0°C to 18.4°C. Calculate the AH (in kJ/mol
NH4NO;3).
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The British thermal unit (Btu) is commonly used in engineering applications. A Btu is defined
as the amount of heat required to raise the temperature of 1.00 Ib of water by 1.00°F. How many

joules are in one Btu?
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A 1.800 g sample of phenol (C¢HsOH) was burned in a bomb calorimeter whose total heat
capacity is 11.66 kJ/°C. The temperature of the calorimeter increases from 23.44°C to 30.57°C.
Write a balanced chemical equation for the bomb calorimeter reaction. What is the heat of
combustion per gram of phenol? Per mole of phenol?
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A 50.0-g sample of liquid water at 25.0°C is mixed with 29.0 g of water at 45.0°C. What is the

final temperature of the water? - - . “
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Under constanf volume condmons ﬂ-ne heat of combustion of benzoic acid (HC7H502) is26.38
kJ/g. A 1.540 g sample of benzoic acid is burned in a bomb calorimeter. The temperature of the
calorimeter increases from 22.250C to 27.200C.

(a) What is the total heat capacity of the calorimeter?

(b) A 1.320 g sample of a new organic substance is combusted in the same
calorimeter. The temperature of the calorimter increases from 22.140C to
26.820C. What is the heat of compustion per gram of the new substance?

(c) Suppose that in changing samples, a portion of the water in the calorimeter was
lost. In what way, if any, would this change the heat capacity of the calorimeter?
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Hess’s Law Worksheet

What is the AH for the reaction below?

IFs () = IF; (8 +F, (g)
™ Use the following data to calculate your answer.

IF(g)+F (g) = IF (g) AH=-390kJ

IF (g) +2F, (¢) — IF; (§) AH=-745k] -»Tf
IF v B¢
P - F¢

— 15 OH = =396 13
o TF EE, pH= « 797 =)

TFhe — TFRiF, pH = 3551

Given the following reactions:
Fe,04 (s) +3CO (s) — 2Fe(s)+3CO, (g) AH=-280kl X5
3Fe(s) +4CO, (s) — 4CO(g)+Fe;0, (s) AH=+I25k] %2
calculate the enthalpy of the reaction of Fe,O; with CO as shown below.

3Fe,0; () + CO (g) = €O, (g) + 2Fe;0, (5
BF‘(;GS ' ;t’(() — (,)Fc/p/‘{((){: AH = — 4.0 fe2

2 _}'4(.02 — ;@(j v 2Fe0, BH = #2585 D

gFeLO‘; L Cu —_— (.l(.)?_} ZF-C}O(( DH = ‘S.j/Lj

Calculate the standard enthalpy of formation of gaseous diborane (B;H;) using the following
thermochemical information.

4B(s) + 30)(g) > 2B0s(s) AH= -2509.1 kJ »L
2Hs(g) + Oxg) = 2H,0() AH= 5717kl x 3
BHs(g) + 30xg) > ByOsis) + 3H,0()  AH= -2147.5k) Fhr
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Given the data in the table below, calculate the AH°,,, for the following reaction.

IF5 (8) +F (g) = IF, (g)
Substance pH fe(kJ/mol)

IF (g) -95
IF5(9) -840
IF7 (9) -941
D, = Falte) = §al0H,)
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The following reaction is known as the thermite reaction:
2Als)  +  FeyOss) = AlLOss). +  2Fews) )
This highly exothermic reaction is used for welding massive units, such as propeller for large ships.
Using enthalpies of formation values, Appendix 4 (pages A19-A22), calculate AH” for this reaction. “5
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Many cigarette lighters contain liquid butane~CaHmth- Using enthalpies of formation, Appendix 4 (pages
A19-A22), calaj% the quantity of he g produced when 1.0 g of hutane-is completely combusted in air.

gE g) EF(I; Hg@} Z,&ﬂ g( [~ )j é” J? (’)@ Prbpcnq
( ”;(/( Ll ( (3? Tk)) L{(';yékj)) /- /U /(T b fc’)l{))

) : . ]w-[ (3 E r}dg’ lcd D
“ &}{* ) - .('Hg 1.0 (SrT.fj x ] (SH n C

Complete combustion of | mol of acetone (C3H0) liberates 1790 kJ:

CiHeOm + 40y = 3COxg +  3H,00
Using this information together with known heats of formation data, Appendix 4 (pages A19-A22), to
calculate the heat of formation of acetone. I 5.0 grams of acetone is combusted, how much energy will
be released?
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Consider the following unbalanced redox reactions in aqueous solution: 0 > ¢ ’
| Ag’aq) + Lis) > Ags + Li'ag Ly ﬂH.( =218 Skl’

2 Fes) + ANa“ag) >  Fe'ag + 2Na) Fet* OHE —3;:}-3“"2/

3 Ky + 21—130(1) -2 ,)KOH(aq) +  Hae)
a) Balance each of the reactions. .
b) By using data in Appendix 4 (pages A19-A22), calculate the AH® for each of the reactions.
c) Based on the AH" for the reactions, which do you expect to be unfavorable?
d) Use an activity series to predict which of these reactions should occur. Are these results in
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